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Signal transduction of interleukin-8 (IL-8) was analyzed in 
neutrophils, and compared with the well known neutrophil 
activator N-formyl peptide. Stimulation of human neutro-
phils with IL-8 induced a rapid polymerization of actin as 
detected by 7 -nitrobenz-2-oxa-l ,3-diazol-(NBD )-phallaci-
din staining of f-actin and reduction of monitored right-an-
gle light scatter. Actin polymerization peaked within 10 sec-
onds after the addition of IL-8 and was short-lived as 
compared to N-formyl peptide-induced stimulation. 
Analysis of phospholipids by thin-layer chromatography 
and analysis of deacylation products oflipid extracts by high-
pressure liquid chromatography (HPLC) showed that IL-8 
triggered a rapid rise of [32P]phosphatidyl-inositol(3,4,5)tris-
phosphate (PtdlnsP3) followed by a slower increase of 
l32P]phosphatidylinositol(3,4)bisphosphate (Ptdlns-3,4-P2) 
along with a rapid decrease of [32P]phosphatidylinosi-
tol(4,5)bisphosphate (Ptdlns-4,5-P2). Changes in polyphos-
I nflammatory skin diseases, such as psoriasis and pustulosis palmoplantaris, show a preferential epidermal infiltration of neutrophils [1] . A major chemoattractant for intraepidermal neutrophil accumulation is thought to be epidermal cell-de-rived interleukin-8 (IL-8) [2-5] . IL-8 is a cytokine that is 
produced ill vitro and ill vivo by epidermal keratinocytes and that 
exhibits strong chemotactic activity for neutrophils [1- 5]. The rel-
evance of IL-8 for the intraepidermal accumulation of neutrophils 
in psoriatic skin lesions is suggested by the presence of large 
amounts of IL-8 in psoriatic scale material [6 - 8]. Both IL-8 tran-
scripts and peptides have been detected in psoriatic skin lesions 
[6-8] . Several studies have demonstrated the capacity of IL-8 to 
attract neutrophils and to stimulate cytoskeletal reorgani~ation; 
however, in comparison with other chemoattractants such as 
N-formyl peptide and complement split fragment C5a, IL-8 is a 
weak activator of superoxide anion production [9 -12] . 
N-formyl peptide and IL-8 ligand-receptor interactions cause 
activation of pertussis toxin-sensitive G-proteins, which in turn 
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phoinositide metabolism were more moderate and transient 
than those obtained by N-formyl peptide. Moreover, 
[32P]phosphatidic acid (PA) production stimulated by IL-8 
was minimal and transient as compared to the response acti-
vated by N-formyl peptide. 
Both IL-8 and N-formyl peptide induced Ca++ mobiliza-
tion from intracellular stores, but IL-8 in contrast to N-for-
my I peptide failed to trigger the secondary influx of Ca++ 
from the extracellular medium. In summary, IL-8 and 
N-formyl peptide stimulated similar and distinct patterns of 
intracellular activation steps. This study indicates that IL-8 is 
a potent activator of intracellular events presumably required 
for chemotaxis, but a relatively weak activator for events 
associated with superoxide anion generation and proinflam-
matory activity. Key words: IL-8/phospholipids/actin/cytosolic-
free Ca++.] Invest Dermatol 102:310-314, 1994 
interact with phospholipase C (PLC) [11,13 -16] . PLC hydrolyzes 
phosphatidylinositol(4,5)bisphosphate (PtdIns-4,5-P2) into diacyl-
glycerol (DAG) and inositol trisphosphate (InsP3). DAG activates 
protein kinase C, and InsP3 induces mobilization of Ca++ from 
intracellular stores [11]. Both DAG and intracellular-free Ca++ reg-
ulate superoxide anion production in neutrophils [11,17] . 
A direct comparison between the signal pathways induced by 
IL-8 and N-formyl peptide, known to be a strong activator of the 
superoxide anion production, is lacking. In the present study, actin 
polymerization, Ca++ increases, [32P]polyphosphoinositide turn-
over, and (32P]phosphatidic acid levels were measured kinetically 
after stimulation of neutrophils with N-formyl peptide and IL-8. 
Actin polymerization, [32P]polyphosphoinositide turnover, and 
Ca++ rises were stimulated by IL-8 in a more transient way than 
changes observed with N-formyl peptides. IL-8, in contrast to 
N-formyl peptide, failed to trigger Ca++ influx from the extracellu-
lar medium and stimulated only minimally [32P]phosphatidic acid 
formation. 
MATERIALS AND METHODS 
Materials Recombinant human IL-8 (72mer) was obtained from Bio-
source (West Lake ViJlage, CAl. Dilutions were made in 0.1 % bovine serum 
albumin from Signa (St. Louis, MO). Indo-1-AM and 7-nitrobenz-2-oxa-l, 
3-diazol-(NBD)-phallacidin were purchased from Molecular Probes Ounc-
tion City, OR). N-formyl-norleucyl-leucyl-phenylalanyl-norleucyl-tyro-
syl-lysine was from Bachem Fine Chemicals (Torrance, CAl, pertussis toxin 
from List Biochemicals Laboratories (Cambell, CAl, and [32PJorthophos-
0022-202X/94/S07.00 Copyright © 1994 by The Society for Investigative Dermatology, Inc. 
310 
VOL. 102, NO.3 MARCH 1994 
phate (HCl-free) was obtained from DuPont-New England Nuclear (Wil-
mington, DE). 
Methods 
I solatioll ojNeutrophils: Blood was drawn from healthy donors and anticoa-
g ulated with heparin. Neutrophils were purified as described [18]. They 
were 97% pure, and at least 97% viable as assessed by trypan blue exclusion. 
Cells were used in a final concentration of2 X 106/ ml suspended in modi-
fied Gey's buffer: 145 mM NaCl, 5 mM KCl, 1.5 mM CaCI2 , 1.9 mM 
KH 2PO., 1.1 mM Na2HPO. , 5 mM HEPES, 0.3 mM MgSO., ImM 
MgCI2 , and 5.5 mM glucose, pH 7.4. 
Actill Polymerizatioll alld Right-Allgle Light-Scatter Experimell ts: Measure-
ments of actin polymerization and right-angle light scatter were performed 
as described [19] . Briefly, followin g the addition of the stimulus, aliquots of 
cell suspension were withdrawn at the indicated time-points from the stirred 
sample compartment of the fluorometer (SLM 8000, SLM Instruments Inc., 
Urbana, IL) during light-scatter measurements, fixed with formaldehyde, 
a nd sta ined with 7-nitrobenz-2-oxa-l,3-diazol-(NBD)-phallacidin. The 
fluorescence intensity of f-actin was measured cytometrically (FACScan, 
Becton-Dickinson, Sunnyvale, CAl· 
Lipid A llalysis: Lipids were analyzed according to the method of Traynor-
Kaplan [19,20] . N eutrophils were labeled with [32P]orthophosphate for 
75 min in phosphate-free buffer. Cells were washed, resuspended, and stim-
ulated. The reaction was stopped at the indicated time-points with a chloro-
form/methanol (1 : 2, v: v) solution. The lipids were extracted, separated on 
thin-layer chromatography (Silica-Gel 60, Merck Darmstadt, Germany), 
a nd analyzed with a /l-scanner (Ambis Instruments, San Diego, CAl. 
A llioll-Exchallge High-Pressure Liquid Chromatography (HPLC) Separatioll oj 
the Deaeylatioll Products Derived from the Lipid Extracts: Cells were stimu-
lated, and th e lipids were extracted as described above. The lip id mixture was 
deacylated with a methylamine-methanol-butanol-mixture (5 : 4: 1; v / v I v) 
at 53 °C for 60 min and dried under nitrogen. The dried products were 
resuspended in H 20:butanol:hexane:ethylformate (25 : 24 : 4: 1; v /v /v Iv) . 
The aqueous phase was collected, and the organic phase was reextracted 
twice with H20 . The water soluble products were applied to an Ultrasi l 
SAX column, eluted at t I11I/ min with a gradient of 1 M NH3PO. (pH 3.8), 
a nd compared to previously described elution profiles [20]. 
Ca++ Mobiliz atiolJ: Intracellular free Ca++ was measured kinetically on a 
SLM 8000 spectrofluorometer as previously described [20]. Neutrophils 
were labeled for 30 min with 5,uM indo-I-AM (Molecular Probes, Eugene, 
OR), washed twice in Ca++-free buffer, incubated for 5 min in the presence 
of 1.5 mM Ca++, and stimulated. 
RESULTS 
Actin Polymerization and Right-Angle Light-Scatter Re-
sponse Induced by IL-8 and N-Formyl Peptide Because actin 
polymerization is thought to be a prerequisite for chemotaxis [21], it 
was analyzed in neutrophils following stimulation with IL-8 using a 
flow-cytometric assay. Stimulation of neutrophils with IL-8 or 
N-formyl peptide caused polymerization of actin within 10 seconds 
(Fig. 1). There was a doubling of the F-actin content followed by a 
fast decline towards initial values in IL-8 - stimulated neutrophils. 
In contrast to IL-8, N-formyl peptide provoked a more sustained 
f-actin polymerization. Pertussis toxin, which catalyzes the ADP-
ribosylation of G-proteins [22], completely inhibited the IL-8 -
stimulated actin polymerization. 
Actin polymerization can also be monitored indirectly by changes 
in the right-angle light-scatter [19]. Both, IL-8 and N-formyl pep-
tide induced a transient reduction of the monitored right-angle 
light scatter (Fig 2). The relative right-angle light scatter decreased 
within 10 seconds after stimulation with both ligands. The response 
after IL-8 stimulation was monophasic and recovery to initial values 
occurred within 90 seconds. In contras t, N-formyl peptide stimu-
lated a biphasic response with fast reduction, followed by sustained 
reduction that lasts for 4 to 5 min. 
Analysis of [32P]-Labeled Polyphosphoinositides in Neu-
trophils It has been suggested previously that actin polymeriza-
tion is tightly linked to polyphosphoinositide turnover [19,21,23]. 
Therefore we questioned whether IL-8 induced a similar response. 
Stimulation of neutrophils with IL-8 triggered a rapid decrease of 
[32P]PtdIns-4,5-P2 (Fig 3a) and a transient increase of [32P]PtdInsP3 
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Figure 1. Time course of actin polymerization in neutrophils induced by 
IL-8 and N-formyl peptide. Neutrophils were incubated with (£1) and with-
out (eO 0 ) 10,ug/ ml pertussis toxin for 90 min and stimulated wich to-8 M 
IL-8 (e £1) , 10--9 M IL-8 (0), to- 8 M N-formyl peptide (0 ). Data are 
means ± SD (11 = 3) of a representative experiment repeated three times. 
from about 0.4% of total phospholipids to a maximum of 1.2% (Fig 
3b). Phosphoinositide changes paralleled f-actin polymerization 
kinetically as previously described for N-formyl peptide [19]. How-
ever, N-formyl peptide induced longer-lived alterations of both 
[32P]PtdIns-4,5-P2 and [32P]PtdlnsP3 (Fig. 3a,b). Incubation of neu-
trophils with pertussis toxin inhibited IL-8 - induced (32P]PtdInsP3 
formation (Table I). 
To study kinetics of other D-3-phosphorylated phosphoinosi-
tides and to confirm formation of [32P]PtdInsP3 in IL-8 - stimulated 
neutrophils, HPLC analysis of the deacylated products was per-
formed . Figure 4 shows HPLC profiles from IL-8 -stimulated neu-
trophils and control cells. Like N-formyl.eeptide [20], IL-8 stimu-
lated an increase in both [32P]PtdInsP3 and l32P]PtdIns-3,4-P2, mea-
sured as their deacylation products [32P]glycerophosphatidylinositol 
(3,4,5)trisphosphate (groPtdInsP3) and groPtdIns-3,4-P2. At early 
time points, the IL-8 - induced elevation of[32P]-groPtdIns-3 ,4-P2 
lagged behind the rise of [32P]groPtdInsPJ (Table II) . 
Ca++ Mobilization by IL-8 Next we analyzed IL-8 and N-for-
my I peptide-stimulated Ca++ rises. At maximally stimulating doses 
(10- 8 M for both agonists), the initial increase in intracellular Ca++ 
was comparable for IL-8 and N-formyl peptide (Fig Sa). However, 
IL-8-induced responses were more short-lived than those pro-
duced by N-formyl peptide. It has been shown for N-formyl pep-
tide that the initial Ca++ rise is due to mobilization from intracellu-
lar stores [24]. This first wave of Ca++ mobilization is followed by 
Ca++ influx from the extracellular medium, which can be prevented 
by EGTA [24]. With IL-8 this secondary Ca++ influx was not ob-
served; EGT A had no effect on the magnitude or time course of 
IL-8 - induced Ca++ concentrations (Fig 5b) . 
(32P]Phosphatidic Acid Metabolism In the next set of experi-
ments we analyzed (32P]phosphatidic acid metabolism after stimula-
tion with IL-8 and N-formyl peptide. Phosphatidic acid can be 
synthesized from DAG as well as by hydrolysis of phospholipase D 
and it has been associated with superoxide anion production [25-
27]. Figure 6 shows that the levels of [32P]phosphatidic acid gradu-
ally increased over 90 seconds after stimulation with N-formyl pep-
tide by about 400%. IL-8 provoked only a minimal enhancement of 
[32P]phosphatidic acid during the first 10 seconds, and the increases 
rapidly fell back to basal levels. 
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Figure 2. IL-S and N-formyl peptide-induced right-angle light-scatter 
responses. Neutroph\ls were stimulated with 10- 8 M IL-S ( ___ ) or 10-8 
M N-formyl peptide (- . - . -). The stimuli were added at 20 seconds. The 
data are representative of over 20 measurements. 
DISCUSSION 
Various inflammatory stimuli induce the synthesis of the neutrophil 
chemotactic peptide IL-8 by keratinocytes [1-5]. Its presence in 
psoriatic ski~ l~sio~s suggests that it may be involved in causing 
and/or amphfylOg IOflammatory processes in psoriasis by activating 
neutrophils [6 - 8]. To improve our understanding ofIL-8 - induced 
neutrophil activation, we measured various parameters kinetically. 
Ca++ mobilization, actin polymerization, PtdIns-4,5-P2 hydrolysis, 
and PtdI~sP~ ~roduction we~e all ~nduced by IL-8. These responses 
could be IOhlblted by pertussIs tOXlO pretreatment of neutrophils, as 
would be expected for responses mediated by a Gi-protein-coupled 
receptor [14-16]. However, the responses induced by IL-8 were 
considerably n:ore transient than those induced by N-formyl pep-
tide. Forty to mnety seconds after the addition of saturating doses of 
IL-8, all parameters measured had returned to initial levels, whereas 
N-formyl peptide responses lasted for 3 to 5 minutes. 
It has been postulated that reorganization of the cortical f-actin 
network is a prelude or a prerequisite for cell migration and chemo-
taxis [21]. Although the precise mechanisms for actin polymeriza-
tion in intact cells are not yet fully understood, it is believed that 
polyphosphoinositid~s might be involved in the regulation of po-
lymerization of actin in intact cells by interaction with actin-cap-
ping proteins like gelsolin and profilin [21]. Previously, Pike et al 
reported that IL-8 stimulates PtdIns-4-kinase in neutrophils and 
suggested that the product of this reaction, PtdIns-4,5-P2, might be 
responsible for actin polymerization [23] . Because stimulation with 
IL-8 lowered the intracellular levels of (32P]PtdIns-4,5-P2 , as re-
ported here, it is unlikely tp be a direct second messenger for actin 
polymerization. Recently, Traynor-Kaplan et al identified PtdlnsP3 
and Ptdlns-3,4-P2 in activated neutrophils [20] . Moreover, Eberle et 
al provided evidence that PtdInsP3 might be involved in the regula-
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Figure 3. Time and dose dependency of IL-S and N-formyl peptide-
induced phosphoinositide metabolism. Changes in 32P-labeled phosphoino-
sitides after stimulation with 10 nM IL-S (11), 1 nM IL-S (0), and 1 nM 
N-formyl ~eptide (0) . The individual data points represent the incorpora-
tion of[32PJ into Ptdlns-4, 5-P2 (A) and PtdlnsP3 (B) . Data are means ± SD 
(n = 3) of one representative experiment, which was repeated three times. 
tion of actin polymerization [19]. The parallel time courses of 
(32P]PtdInsP3 and actin polymerization as assessed in the present 
report further support this hypothesis. 
Activation of superoxide anion production is thought to be regu-
lated by intracellular free Ca++ ~evels, DAG, and PA [11,17,26,27]. 
PLC hydrolyzes PtdIns-4,5-P2IOto DAG and InsP3 , which in turn 
mobilizes Ca++ from intracellular stores [11]. DAG can be metabo-
lized to PA, but PA may also be produced directly by phospholipase 
D from phosphatidylcholine [25 - 27] . The present study reveals 
that IL-8 -activated PLC as shown by the InsP3-dependent Ca++ 
mobilization, but did not induce Ca++ influx and only weakly in-
duced formation of PA. The lack of sustained Ca++ influx and 
formation of P A might explain the low activation potential of IL-8 
in regard to stimulating superoxide anion production. 
Sklar et al [~8] rel?orted th~t activation of different neutrophil 
responses reqUired different blOdlOg rates or different numbers of 
occupied receptors following N-formyl peptide stimulation. Actin 
polymerization, mobilization of intracellular Ca++, and activation 
of phosphoinositide turnover are observed with low receptor occu-
pancy or with low rates of receptor occupancy [19,28]. These pa-
rameters were all affected in IL-8 - stimulated neutrophils, but in a 
more transient way than in N-formyl peptide-stimulated cells. Ac-
tivation pathways that involve higher rates or higher numbers of 
Table I. Influence of Pertussis Toxin on IL-8-
Stimulated [32P]PtdlnsP3 Formation" 
IL-S 
pertussis toxin 
132P)PtdlnsP3 0.4 ± 0.1 
+ 
+ 
0.4 ± 0.1 1.2 ± 0.2 
+ 
+ 
0.4 ± 0.1 
• Neutrophils were incubated for 90 min with (+) or without (-) 10 Ilg/ ml pertussis 
toxin, labeled with [l2PJorthophosphate for 90 min, and stimulated with (+) and 
without (-) 10 nM IL-S. The relative incorporation of[l2PJPtdinsP, into phospholipids 
(m %) was determined. Results are means ± SO (n = 3) of a representative experiment 
repeated three times . 
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Figure 4. Anion-exchange HPLC profile of deacylated lipids. Neutrophils 
were labeled with [32PJorthophosphate for 75 min, and stimulated without 
(A) and with (B) 10-8 M IL-8 for 20 seconds. The radioactivity incorporated 
into the deacylation products was 181 cpm for [32PJgroPtdlns-3,4-P2, 
26,016 cpm for (32PJgroPtdlns-4,5-P2, and 174 cpm for (32PJgroPtdlnsP3 in 
control cells and 644 cpm for [32PJgroPtdlns-3,4-P2, 23,403 cpm for 
[32PJgroPtdlns-4,5-P2, and 438 cpm for (32PJgroPtdlnsP3 in stimulated neu-
trophils. The traces are typical of more than 10 separations. 
occupied receptors (Ca++ influx and superoxide anion production) 
were stimulated poorly by IL-S or could not be activated at all. The 
differences in the activation mechanism by IL-'S and N-formyl pep-
tide are not understood. Receptor numbers and affinities for both 
ligands are in the same order of magnitude [29 - 31]. It is of interest, 
however, that the N-formyl peptide receptor functionally interacts 
with two Gi proteins, namely, Gi2 and Gi3 [22]. Which of these G j 
proteins is coupled to the IL-S-receptor is currently unknown. It is 
tempting to speculate in the light of the findings reported here that 
the IL-S receptor is selectively coupled to only one of these G j 
proteins and that this selective coupling caused the specific stimula-
Table II. Relative Changes of D-3-Phosphorylated 
Phosphoinositides After Stimulation with IL-Sa 
[32PJgroPtdlns-3,4-P2 
[32PJgroPtdlnsP3 
o 
1.00 
1.00 
Time (seconds) 
10 
1.61±0.12 
3.63 ± 0.20 
20 
3.69 ± 0.59 
2.15 ± 0.09 
• Neutrophils were stimulated with to-8 M IL-8 and the reaction was stopped at the 
indicated time points. The lipid extracts were deacylated and analyzed by HPLC. 
Rela.tive rates of incorporation of [12PJ in groPtdIns-3,4-P2 and groPtdInsP, after stim-
ulation with IL-8 compared to control cells were calculated. Data are means ± SEM 
(n=3). 
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Figure 5. Comparison of Ca++ mobilization induced by IL-8 and N-formyl 
peptide. Free intracellular Ca++ was detected in indo-l-AM-labeled neu-
trophils incubated in 1.5 mM Ca++. The stimulus was added at 20 seconds 
(A). InB 5 mM EGTA was added at 0 seconds, followed by the stimulus at 20 
seconds. 
tion of only one branch of receptor-stimulated functions in intact 
cells. 
In summary, IL-S and N-formyl peptide stimulated distinctive 
patterns of intracellular activation steps. Our studies indicate that 
IL-S is a potent activator of intracellular events required for chemo-
t~xis, bu~ a relativelx wea.k activator for second messengers asso-
clate~ w~th superox,lde amon production. It is therefore proposed 
that In SItu production of IL-S may play an essential role for the 
intraepider~al recruitment of neutrophils, but that additional fac-
t~rs may be mvolv~d in sustaining the inflammatory response me-
diated by neutrophlls, for example, in psoriatic skin lesions [1 ]. 
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Figure 6. Time course of [32PJPA-formation elicited by IL-8 and N -formyl 
peptide. (32PJincorporation into PA was analyzed after stimulation of neu-
trophils with 10 nM IL-8 (11), 1 nM IL-8 (0), and 10 nM N-formyl peptide 
(0). Data are means ± SEM (n = 3). 
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